ABSTRACT. Genetic diversity among 88 accessions of Pinanga javana were revealed in six natural populations in Mt. Sawal, Ciamis (JW327); Mt. Ciremai, Kuningan (JW329); Mt. Slamet, Purwokerto (JW331); Mt. Salak, Bogor (JW334); Mt. Pangrango, Bogor (JW337); and Mt. Halimun, Bogor (JW339), all in very restricted area only in lower montane forest from 800-1700 m elevation in Java, Indonesia by Random Amplified Polymorphic DNA (RAPD) markers. Natural populations of the species have been decreased dramatically because of habitat conversion and over-exploitation. Ten of 40 primers were reproducible among the 88 accessions of P. javana and plotted total 100 bands, of which 51 were polymorphic. The genetic similarity according to Jaccard's coefficients among accessions ranged from 0.747 to 1.000 and the mean genetic similarity among populations ranged from 0.811 to 0.922. The UPGMA analysis showed two clusters: "A" of JW334, JW339, JW337, JW329 and JW327; and "B" of JW331. The cluster "A" was subdivided into two subclusters; one of JW334, JW339, JW337 and JW329 and the other one of JW327. These results provided intra-and inter-populational genetic diversity of P. javana. The present observation suggested that both in situ and ex situ conservations were necessary for the genetic diversity of P. javana, especially the populations in Mt. Slamet and Mt. Salak because of their narrow genetic diversity. Moreover, the species was susceptible for habitat conversion, would never grow in any disturbed forest and has become rare in the nature.
Pinanga is distributed from the Himalayas, the southwestern part of China and down to New Guinea and consists of 132 species (Govaerts and Dransfield 2005) . The genus has the center of the greatest species diversity in Borneo with at least 45 species (Dransfield 1980, Uhl and Dransfield 1987) .
Pinanga in Indonesia has approximately 40 species, of which 14 are endemic to certain local sites (Mogea and Witono 1999) . The genus grows widely in Java from the sea level to montane forests.
The taxonomy of Pinanga in Java, Indonesia has been revised by some taxonomists. Blume (1838 Blume ( -1843 described four species of the genus such as P. javana, P. kuhlii, P. coronata, and P. noxa. Scheffer (1876) reduced them into three species such as P. javana, P. kuhlii, and P. coronata. Beccari (1886) followed Blume (1838 Blume ( -1843 , but Koorders (1911) stated that the Javanese Pinanga had only two species such as P. javana and P. kuhlii. Backer and Bakhuizen van den Brink, Jr. (1968) treated the Javanese Pinanga into only single species P. coronata. They stated that P. javana might be conspecific with P. coronata after they studied poorly the species. Then, a taxonomic justification of their relationships in Java was made by Witono et al. (2002) to accept and recognize P. javana and P. coronata since variations among P. kuhlii, P. costata, and P. noxa are slight and the taxa were reduced into the synonyms of P. coronata.
Pinanga javana is a solitary stemmed palm and grows up 4-10 m heigh and is morphologically quite different from P. coronata which is characterized by small, clustered and spiral arranged rachillae. The mature individual of P. javana may be horticulturally meritorious in subtropical and tropical areas since it has stiff, pinnate leaves spreading from the crownshaft, with red to black fruits hang in cluster below the crown. Moreover, well-grown young plants of the species may be very attractive for indoor decoratives. Natural populations of the species has been decreased dramatically these years by habitat conversion and over-exploitation. According to "IUCN Red List of Threatened Plants" (1997) , the species is categorized as endangered plants (Walter and Gillett 1998) .
Pinanga javana grows naturally in lower montane forest at altitude of 800-1700 m in Mt. Salak, Mt. GedePangrango, Mt. Halimun, Mt. Sawal, Mt. Ciremai in West Java; and Mt. Slamet in Central Java. Herbarium specimens collected by Backer (Backer 11491, BO) in 1914 from Mt. Wilis and Kobus (Kobus 204, BO) from Mt. Tengger indicated that it once grew in East Java. However, during field observation in 1998, no P. javana was found in the localites. It is possible that the species is extinct (extirpated) there. The specimen was also collected by Dransfield (Dransfield 4185, BO) in 1974 from Mt. Mandalawangi in West Java, but information concerning its existence in the location was not clear. Moreover, morphological variability of the species among the populations studied were very similar to each other (Witono et al. 2002) .
Molecular markers such as Random Amplified Polymorphic DNA (RAPD) method which detect variation at the DNA level overcome most of the limitations of mor-phological characters. It is not affected by environmental condition and developmental stage of plants and is repeatable in data. The preparation is very fast to extract information in genetic variation from plant materials (Williams et al. 1990, Welsh and McClelland 1990) and requires no prior knowledge of the DNA sequence to generate genetic markers (Wolfe and Liston 1998) . The DNA fragments are amplified by the polymerase chain reaction (PCR) using short (usually 10 bp) synthetic primers of a random sequence. Polymorphisms among the amplification products are useful genetic markers, and can be detected through examination of an Ethidium Bromide-stained agarose gel (Williams et al. 1990 , Welsh et al. 1991 .
In several cases, RAPD is a promising technique which can be used to identify and determine specific genomes or to estimate the genetic relationships among the individual levels within species, because it scans the entire genome for polymorphisms (Williams et al. 1990 ). This advantadge makes RAPD analysis ideal for studying genetic variation at low taxonomic levels. RAPD method have been employed in some palm species, such as Licuala glabra var. glabra (Loo et al. 1999) , Livistona chinensis var. subglobossa (Yoshida et al. 2000) , Phoenix dactylifera (Al-Khalifah and Askari 2003), Cocos nucifera (Upadhyay et. al. 2004) and Pinanga coronata (Witono and Kondo, unpublished) .
In this study, six distinct natural populations of P. javana in Java, Indonesia were analyzed by using RAPD markers in order to examine the pattern of genetic relationships among and within populations and to provide genetic resource information for implementation of conservation programs.
MATERIALS AND METHODS

Plant materials
The plant materials from saplings and the youngest leaf of mature individuals of P. javana were collected from six natural populations in Java, Indonesia and their voucher specimens were deposited in the Herbarium Bogoriense (BO) ( Table 1 ). The localitions of the populations of the species were shown in Fig. 1 .
DNA extraction Total DNA was extracted from dryleaf tissues using CTAB (Cetyl Trimethylammonium Bromide) protocol described by Ban (1995) and additionally 25-50 μl sterilized distilled water soon as after leaf-tissues homogenization and DNA quantification was measured using UV/visible spectrophotometer Ultrospec 3000 (Pharmacia Biotech). Subsequently, total DNA was diluted with sterilized distilled water to a concentration of 10 ng/μl. (Takara) and 20 ng template DNA. Amplification were performed in a GeneAmp ® PCR System 2700 (Applied Biosystem) programmed for predenaturation at 94°C for 3 min; 45 cycles of 94°C for 30s (denaturation), 36°C for 60s (annealing), 72°C for 120s (extension); final extension 72°C for 10 min and soaking at 4°C.
Amplification and electrophoresis
The fragments produced by PCR amplification were separated by electrophoresis on 1.5 % (w/v) agarose gel in 1x TAE Buffer and stained with an Ethidium Bromide (0.5μg/ml). The fragments pattern was visualized and photographed using a gel documentation system (UVP Inc.). Molecular weights were estimated using 10 kbp DNA standard marker (Novagen) in left side of the gels. PCR reactions for the selected primers were repeated at least twice.
Homology test
The assumption of RAPD analysis was that co-migrating bands represent homologous loci. In the present study, homology tests were carried out to test for homology and non-allelism of the amplified PCR products. One bright and well-resolved single amplified band generated a primer (OPB 8) was used as a probe to determine homology with other bands (Williams et al. 1993) . The 1800 bp band of OPB8 was excised and eluted from a gel and purified using QIAquick ® Gel Extraction Kit (Qiagen). Approximately 650 ng of DNA recovered from the amplified single band was then labeled with digoxygenin-dUTP by the random primer method using a commercially available kit (Roche). The amplified PCR products of 12 accessions (two accessions per population) which had common banding patterns in a gel was used for Southern blotting (Sambrook et al. 1989 ) and performed overnight using Genescreen plus (Dupont). Then, The blot was hybridized with the labeled DNA. After hybridization, colorimetric detection was performed with the NBT/BCIP detection kit (Roche). Procedures for Southern blotting, probe labeling, hybridization and colorimetric detection were followed the DIG system user's guide for hybridization (Roche).
Analysis Data
The RAPD bands were scored for their presence (1) or absence (0). These RAPD data generated by selected primers, were used to compile a matrix for clustering analysis using NTSYSpc (Numerical Taxonomy and Multivariate Analysis System) version 2.1. Genetic similarity among accessions was calculated according to Jaccard's similarity coefficients using SIMQUAL (Similarity for Qualitative Data). The similarity coefficients were then used to construct phenogram using UPGMA (Unweighted Pair-group Method with Arithmetical Averages) through the SAHN (Sequential, Hierarchical, Agglomerative, and Nested Clustering) (Rohlf 2000) .
RESULTS AND DISCUSSION
DNA Extraction DNA isolation protocol described by Ban (1995) with some modifications showed entirely satisfactory results. Each of 30 mg silica gel-dried leaf tissues supplied an average 1.44 μg/mg leaf tissues with ratio ranged from 1.60 to 1.90.
Homology Test Homology tests performed using a DIG-labelled probe from one of the amplification products generated by OPB 8 primer showed that the labeled DNA probe hybridized only with single band in the Southern hybridization (Fig. 2) . No hybridization with bands of different mobilities was observed. It could be assumed that the RAPD bands examined are homologous and non-allelic. Although Southern hybridization was time-consuming, it helped to avoid such error in RAPD analysis.
Genetic polymorphism generated by RAPD markers
The fourty primers (OPA1-20 and OPB1-20, Operon Technologies Inc.) were screened to test by amplifying six accessions (one accession per population). Ten primers of which were revealed clear bands were used for further analyses. The ten primers generated from 7 to 14 bands, with an average ten bands per primer. The total number of amplified bands was 100 bands, 51 bands (51%) of which were polymorphic and 49 bands (49%) were monomorphic ( Table 2 ). The reproducible polymorphic bands were detected in the 300 to 3000 bp range. The examples of RAPD banding patterns of the population from Mt. Salak (JW334) generated by OPB 7 and OPB 8 are shown in Fig. 3 .
Genetic Similarity
According to Jaccard's coefficient, genetic similarity ranged from 0.747 to 1.000. Genetic similarity of each population as follows: JW327 ranged from 0.840 to 0.987; JW329 ranged from 0.914 to 1.000; JW331 ranged from 0.927 to 1.000; JW334 ranged from 0.954 to 1.000; JW337 ranged from 0.919 to 1.000; and JW339 ranged from 0.943 to 1.000. A phenogram generated using UPGMA clustering analysis was shown in Fig. 4 . Generally, they separated into two clusters with Cluster A (JW334, JW339, JW337, JW329 and JW327) being sub-divided into two subclusters JW334-JW339-JW337-JW329 and JW327; and Cluster B (JW331). A total of 61 branches could be separated for 88 accessions used in the study. The mean genetic similarity among populations of P. javana ranged from 0.811 between JW329 and JW331 to 0.922 between JW334 and JW339 (Table 3 ).
An average number of 5.1 polymorphic bands per primer in P. javana was obtained. As the comparative values in other species of palms were 10.8 in Licuala glabra var. glabra (Loo et al. 1999), 8.0 in Livistona chinensis var. subglobossa (Yoshida et al. 2000) , 4.0 in Phoenix dactylifera (Al-Khalifah and Askari 2003), 9.6 in Cocos nucifera (Upadhyay et al. 2004) , and 8.0 in Pinanga coronata (Witono and Kondo, unpublished) . In RAPD method, the presence or absence amplified PCR product is assumed to represent mutations in the primerbinding sites of the genomic DNA (Wolfe and Liston 1988) . In general, the higher number of amplified and polymorphic bands generated by RAPD markers were better to discriminate the accessions. Nei (1978) suggested that a minimum number of 50 different loci should be used for estimating genetic distance. In the present study, 51 polymorphic RAPD bands (loci) were generated by ten primers to determine the genetic similarity among 88 accessions of P. javana, was adequate.
Pinanga javana showed some intrapopulational genetic differentiation as mentioned above, but generally lower genetic similarity than the pairs among accessions in different populations. The genetic similarity among the accessions and the populations indicating that the pairs of accessions and populations were diverse in genetic variations, but no distinct genetic differentiation among the accessions within the populations studied. Moreover, it seems that genetic similarity among populations correspond with geographical distribution of the species (Figs.  1 and 4) . RAPD data analysis suggested to result well resolved and well-supported topologies, barriers such as geographical isolation to gene flow could be inferred (Van Buren et al. 1994, Roelofs and Bachmann 1995) .
The possible reason for genetic differentiation within respective population in P. javana might be hybridization, since all six populations of the species were sym- Table 2 . Primer sequences with the number of scorable amplified and polymorphic bands Fig. 3 . RAPD banding patterns of Pinanga javana in Mt. Salak (JW334) generated by (a) OPB 7 and (b) OPB 8. Fig. 4 . A phenogram among 88 accessions of Pinanga javana generated by the UPGMA cluster analysis based on 100 RAPD banding patterns. Scale shown in Jaccard's coefficient of similarity patric with P. coronata that often dominate the forestfloor stratum and inflorescences of both species were observed protogynous (the stigma receptive before the pollen is shed). The protogynous characters of both two species may have led to the lineage exploiting pollinators in parallel with the enhancement of genetic diversity through more effective outbreeding, resulting in new potential for pollinator-specific speciation at an accelerated rate. Beetle pollination has been observed in P. javana and P. coronata (weevils belonging to tribe Derelomini or Nitidulids of the genus Mystrops) (Witono, unpublished data) . The flowers of beetle-pollinated palms are commonly simple, open, dull-coloured and also the floral fragrance is often musty and chemical or fruity and nectar is present (Jones 1995) as observed in those two species of Pinanga. Many of the beetles seem confined to palms, thus implying co-evolution (Henderson 1986). The depletion of diversity predicted by strongly influenced by the size of population (the risk is greater in small populations) and its demographic characteristics such as temporally high mortality and reduced sizeconstrictive bottlenecks, overlapping generations, consanguinity, fragmentation of the population as a result of the appearance of barriers or parasites (Leveque and Mounolou 2003) . The results showed that genetic similarity of P. javana from two populations in Mt. Slamet (JW331) and Mt. Salak (JW334) were lower than other populations. It might be caused by smaller and younger population size of the species in both locations, since number of individuals and number of mature individuals in these locations were smaller than the others (personal observation). Unfortunately, ecological studies have not been conducted in all six natural populations of P. javana studied.
Each population of P. javana suggested to evolve independently processes of mutation, selection, and genetic drift in different level (Leveque and Mounolou 2003) . It might after a certain amount of time have elapsed, they could reproduce and progress speciation. An instance of this phenomenon was P. arinasae, an endemic species to Bali, Indonesia. It has been recognized as P. javana, but established as a new species with only slightly different characters from P. javana. According to morphological characters (Witono et al. 2002) and nrDNA ITS sequence data (Witono and Kondo, unpublished) , P. arinasae and P. javana were very similar to each other.
Information concerning the dispersal mechanism of palms was very scanty and consisted mostly of casual observation. Palms may be dispersed by gravity, water, and animal vectors (Jones 1995) . In P. javana, the dispersal unit was only the fruit which had fleshy mesocarps and brightly colored epicarps that were attractive to vertebrates. Vertebrata gnaw the outer flesh and may eat the fruit on the spot and carry it away to a secure site which often results in the aggregation of seeds, some of which may germinate later. Civet cats in Java were observed to feed on and defecated viable seeds of P. javana (Witono, unpublished) . Each population of P. javana studied is isolated by plantation, agriculture fields and other human interference. Civet cats could not disperse P. javana seed in long distance, since geographical barriers were formed among populations. Gilles et al. (1997) suggested that in situ conservation strategies should seek to conserve populations that show interpopulational genetic variation to prevent loss of genetic diversity within a taxon. In contrast, ex situ conservation should include the collection of germplasm from separate populations with significant genetic differences (Martin et al. 1997 ). Our observations suggested that both in situ and ex situ conservation were necessary to conserve the genetic diversity of P. javana especially the populations in Mt. Slamet (JW331) and Mt. Salak (JW334) which were indicated narrow in genetic diversity (Fig. 4) . Because of susceptible for habitat conversion, P. javana never grows in disturbed forest and becoming rare in the natural population.
In situ conservation of P. javana have already been established in their all six natural populations as National Parks and protected areas by the Government of Indonesia. Whereas for ex situ conservation purposes, the several individuals of P. javana from Mt. Pangrango (JW 337) and Mt. Slamet (JW331) were collected in Cibodas Botanical Garden and Baturraden Botanical Garden, respectively. Moreover, the individuals of the species from other locations studied were grown in Bogor Botanical Garden nursery for reintroduction and germplasm collection purposes in the future. 
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